In order to compare to data gathering methods for shoot biomass assessments of Zostera marina, we compare two allometric models each one representing a data gathering method, one at leaf level and the other in aggregated form. The first allometric model presented leaf dry weight in terms of leaf length as .
Introduction
Because of the valuable services that Zostera marina meadows provide to shallow coastal ecosystems, [1] [2] [3] [4] [5] [6] accurate measurements of biomass or productivity of this eelgrass are important for the study and modeling of such environments. Since shoot biomass is the basic unit to study production in the eelgrass Z. marina, many attempts have been made to model biomass in terms of other shoot characteristics as leaf length and width [7, 8] . On the other hand, shoot biomass assessments for Z. marina are reported in a variety of methodologies, some at a leaf level [7] [8] [9] [10] [11] , and some in aggregated way [12, 14] . Although aggregated data are sometimes easy and faster to obtain, measurements cannot be used to fit models and make comparisons with other data sets.
The importance of modeling seagrasses in terms of other variables has been pointed out by several authors [7, 9, 11, [15] [16] [17] . One of the main features of modeling is to calibrate non-destructive methods, that is, once the goodness of fit of a particular model is tested to data, the model can be used to predict the pertinent dependent variable from one or several independent variables that are obtained in a non-destructively way. In this paper we prove that we can obtain robust allometric parameters even if the data are collected at leaf level or an aggregated form.
Materials and Methods

Data and Related Calculations
The data used for this study were collected from January to December 2001 in a Z. marina meadow in Punta Banda Estuary, located 23 km. south of Ensenada, Baja California, Mexico at 31˚43'N-46'N and 116˚N37'W-40'W. For a detailed description of the site see [10] . Since has been proven that for Zostera marina allometric parameters are time invariant [8, 10, 18] we believe that a hole year cycle is sufficient to compare the two methods. At each sampling time t, using the Kentula and McIntire method [19] , approximately 20 shoots were marked biweekly. Only complete leaves were used for the analysis.
Since Zostera marina present a ribbon like architecture leaf length was measured from the tip to the ligula [see [20] ), width was measure at halfway of the length, this measure of width has been proven to be the best representative proxy of leaf width [20] , dry weigh was also determined using standard methodology. For this study only leaf length and dry weight were analyzed. Data were then tested at a single leaf bases and in an aggregated form and results were statistically compared. We also calculated the Lin [21] Concorance Correlation Coefficient of reproducibility ( ) for predicted and observed values in each fitted model.
Formal Methods
Some authors ( [7, 8, 10, 11, 15] among others), have proven that leaf dry weight can be consistently represented allometrically in terms of leaf length and/or leaf width or area. They considered the allometric basic model
were w and l represent the dry weight and length of a single leaf respectively and  and  are parameters to be fitted. That means that leaf dry weight can be represented in terms of leaf length. On the other hand, when individual leaf dry weight is not available and dry weight data is represented in an aggregated form, that is, weight is obtained at a shoot level, we cannot fit Equation (1) . Nevertheless, the dry weight of each leaf in a given shoot can be considered to be a random variable and can thus be expressed as several-variables version of the allometric Equation (1) therefore shoot biomass s w can be represented in the form
where k denotes the length of the kth leaf and n s stands for the number of leaves in the shoot under consideration. Models of Equations (1) and (2) where fitted using standard nonlinear regression methods. 
Results
For the whole annual cycle, we recovered 128 shoots with 393 complete leaves. Table 1 shows basic statistic for leaf length (l), dry weight (w) and shoot dry weight , s w showing high variability on all of these variables. Equation (1) was fitted at leaf level data with a determination coefficient of 0.85 and fitted parameters α = 1.19 ± 0.045 and β = 0.00002 ± 0.000008. Figure 1 shows predicted versus observed values of this fit. Subsequently the Lin [19] Concordance correlation coefficient of reproducibility ( ) was performed between observed and predicted values for the fit of Equation (1) finding a value of 0.92. Similarly, for measurements of weights at a shoot level, the several-variable version of Equation (1), (Equation (2)) was fitted using nonlinear The corresponding plot of predicted versus observed values is shown in Figure 2 . The Concordance correlation coefficient of reproduciblity was of ˆ0. 91   . Residuals shown Normality and homoscesticity, although dispersion apparently is bigger for residuals of the fitting of Equation (1) (see Figure 3) .
Since Equations (1) and (2) were both fitted using least square method parameters, they are distributed normally therefore we performed a t test between parameters finding no significant differences between parameters with a p-value of 0.11 for  and 0.50 for  . This demonstrates that the fitted parameters in Equations (1) and (2) are statistically the same with a 0.95 confidence level. Moreover, using the Akaike information criterion (AIC) [22] the AIC for Equation (1) is the minimum between both fits with a value of −3660 and the AIC for the fitting of Equation (2) the AIC = −1156.35 therefore since this is less than 4 times the minimum (3.1) we have considerable support to consider it a good model for inference purposes. Moreover using parameters found in Equations (1) and (2) we projected mean shoot weight per month, Figure 4 shows the comparison with observed values. Residuals showed normality and homoscesticity, although dispersion apparently is bigger for residuals of the fitting of Equation (1) (see Figure 3 ).
Discussion
Body size affects the structure and functioning at all levels of biological organization from individuals, populations, communities and ecosystems [23] . Related to body size, is the allometry term used first by Huxley (1932 in [23] ) to describe the study of the relationship between body size and other variables. The importance of allometric relationships to describe and predict production/ biomass of seagrass communities have been used by several authors [7] [8] [9] [10] [11] 15] . Moreover, [24] present a complete discussion on how application of allometric laws prediction could benefit our understanding of estuaries and coastal ecology. However, for Z. marina, sampling and processing sufficient data to test a robust statistical method, could be an extremely time consuming endeavor. For that reason some authors use aggregated data or data at a shoot level instead of data at a leaf level (non-aggregated) to test differences of some measurements in time and space [13] . Moreover, data gathering for eelgrass assessments methods could be time consuming and destructive. For example at a leaf level, each leaf in a shoot should be counted, measured (length and width) and weighted implying a enormous time of sample processing and for biomass (for example) a bigger error in weighting each leaf separately.
On the other hand, aggregated data, could be easier to obtain and present less error, but could not be used in some models that require individual measurements, as Equation (1).
We have demonstrated in this work, that for biomass assessments a several-variables version of the allometric Equation (1), Equation (2) where leaf dry weights are aggregated at a shoot level gives the same results as the assessments found for the fitting of Equation (1). We found that parameters fitted for both models were statistically the same with p = 0.11 for  and p = 0.50 for .  The determination coefficients for both fittings were also statistically the same (p > 0.05). Moreover Lin [19] Concordance Correlation Coefficient of reproducibility ( ) attained exactly the same value for both fits (0.92), and The AIC shows that both models deserve consideration for statistical inference. Figure 4 shows that projected values of mean shoot biomass per month are almost identical and in a good correspondence with observed values, therefore we consider that Equations (1) and (2) can be used indistinctly for shoot biomass assessments. Nevertheless, the fitting of Equation (1) gives us the advantages of a smaller estimation error, but with the disadvantage of bigger time consuming in data processing. Whereas in the fitting of Equation (2) processing data is much less time consuming but have a slight higher estimation error and a better disposition of residuals. Moreover, since the time of processing material in aggregated form is much less time consuming, bigger samples can be taken if necessary. In any case, regardless of the type of data (aggregated or non-aggregated), the allometric relationship between leaf or shoot dry weight and leaf length is consistent for Zostera marina. In conclusion, for shoot weight assessments, we proposed model of Equation (2) for large samples and faster data processing and model of Equation (1) if data at leaf level is required for other endeavors.
